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NONREFLECTIVE WAVEGUIDE TERMINATOR AND WAVEGUIDE CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a nonref lective 
waveguide terminator and a waveguide circuit which transmit 
microwave and millimeter-wave signals. 

2. Description of the Related Art 

Fig. 16 is a perspective view showing the structure of 
a nonref lective waveguide terminator disclosed in, for 
example/ Japanese Unexamined Patent Application Publication 
No. 5-243817. In a rectangular waveguide 1 having one 
short-circuited end, electromagnetic-wave absorbing plates 3 
for absorbing a high frequency magnetic field are disposed 
on wall surfaces 2 which are parallel to an electric field 
inside the rectangular waveguide 1. 

Fig. 17 is a perspective view showing the structure of 
a nonref lective waveguide terminator disclosed in Japanese 
Unexamined Patent Application Publication No. 5-243817. In 
a rectangular waveguide 1 having one short-circuited end, a 
tapered electromagnetic-wave absorber is disposed in the 
center of the rectangular waveguide 1 in a propagation 
direction of radio waves. 

Next, the operation of the nonref lective waveguide 
terminator shown in Fig. 16 is described below. 
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Assuming that the left end of the waveguide 1 in Fig. 
16. is an input port, an incident microwave signal is 
gradually absorbed by the electromagnetic-wave absorbing 
plates 3 disposed on planes parallel to the electric field 
in the waveguide 1. The electric field distribution is 
concentrated in the center of the cross-section of the 
rectangular waveguide 1. Thus, by reducing the thickness of 
the electromagnetic-wave absorbing plates 3, reflection of 
the microwave signal can be suppressed to a low level. 
Accordingly, in the design of the electromagnetic wave 
absorbing plates 3, the plate thickness is reduced and the 
length of the electromagnetic-wave absorbing plates 3 in the 
propagation direction of the microwave signal is set in 
order to obtain a predetermined absorption for no reflection 
according to the reduced thickness. This structure is 
suitable for a nonref lective waveguide terminator which is 
rectangular and for high power because it has a reduced 
electromagnetic wave absorption per unit volume and an 
enlarged radiation area in contact with the wall surfaces 2, 
which are parallel with the electric field. 

Next, the operation of the nonref lective waveguide 
terminator shown in Fig. 17 is described below. 

Assuming that the left end of the waveguide 1 in Fig. 
17 is an input port, an incident microwave signal is 
gradually absorbed by the tapered electromagnetic-wave 



- 3 - 



absorber 4 while reducing reflection. Compared with the 
nonref lective waveguide terminator in Fig. 16^ the 
nonref lective waveguide terminator in Fig. 17 has a low 
radiating effect since it has a smaller area in contact with 
the internal wall surfaces. However, since the tapered 
shape determines the reflection characteristics, there is a 
possibility that the length of the nonref lective waveguide 
terminator in the propagation direction of the microwave 
signal may be reduced. 

In the structure of the nonref lective waveguide 
terminator in Fig. 16, in the case of reducing reflection in 
the electromagnetic-wave absorbing plates 3, the plate 
thickness must be reduced for the purpose of lowering 
discontinuities caused by the end faces of the 
electromagnetic-wave absorbing plates 3. In the case of 
obtaining predetermined reflection characteristics, the 
length of the electromagnetic wave absorbing plates 3 in the 
propagation direction of the microwave signal must be 
increased so that the required electromagnetic wave 
absorption is obtained. Accordingly, the nonref lective 
waveguide terminator in Fig. 16 has a problem in that the 
length of the electromagnetic-wave absorbing plates 3 must, 
be increased in order to obtain a predetermined reflection 
level or less, even if it is more than enough for the length 
required for high-power tolerant performance such as heat 
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radiation performance. Also, the nonref lective waveguide 
terminator in Fig. 17 suffers from a problem of high 
production costs because it is difficult to perform 
processing of the tapered electromagnetic wave absorber 4. 

SUMMARY OF THE INVENTION 

The present invention is made in order to solve the 
above problems. It is an object of the present invention to 
provide a small and light nonref lective waveguide terminator 
which has good high-power tolerant performance and which is 
produced at a low production cost. 

According to an aspect of the present invention, a 
nonref lective waveguide terminator is provided which 
includes: a waveguide portion having a rectangular. opening 
in a plane perpendicular to a radio-wave propagation 
direction, the waveguide portion having one open end in the 
radio-wave propagation direction and the other end closed by 
a terminating metal internal wall, the waveguide portion 
having a radio-wave propagation space surrounded by a first 
metal internal wall and a second metal internal wall 
opposite thereto which include the shorter sides of the 
rectangular opening and which are parallel to a radio-wave 
electric field, and a third metal internal wall and a fourth 
metal internal wall opposite thereto which include the 
longer sides of the rectangular opening and which are 
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perpendicular to the radio-wave electric field; and an 
electromagnetic wave absorber whose exterior shape is a 
parallelepiped, the electromagnetic wave absorber having a 
rectangular rear-end surface which is positioned at a 
predetermined distance from the terminating metal internal 
wall and parallel to the terminating metal internal wall or 
is provided against the terminating metal internal wall, the 
surface of the electromagnetic wave absorber, which has the 
largest rectangular area, being on one of the third metal 
internal wall and the fourth metal internal wall. 

According to another aspect of the present invention, a 
waveguide circuit including a plurality of waveguide 
functional portions is provided. The waveguide functional 
portions each include a nonref lective waveguide terminator 
including: a waveguide portion having a rectangular opening 
in a plane perpendicular to a radio-wave propagation 
direction, the waveguide portion having one open end in the 
radio-wave propagation direction and the other end closed by 
a terminating metal internal wall, the waveguide portion 
having a radio-wave propagation space surrounded by a first 
metal internal wall and a second metal internal wall 
opposite thereto which include the shorter sides of the 
rectangular opening and which are parallel to a radio-wave 
electric field, and a third metal internal wall and a fourth 
metal internal wall opposite thereto which include the 
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longer sides of the rectangular opening and which are 
perpendicular to the radio-wave electric field; and an 
electromagnetic wave absorber whose exterior shape is a 
parallelepiped, the electromagnetic wave absorber having a 
rectangular rear-end surface which is positioned at a 
predetermined distance from the terminating metal internal 
wall and parallel to the terminating metal internal wall or 
is provided against the terminating metal internal wall, the 
surface of the electromagnetic wave absorber, which has the 
largest rectangular area, being on one of the third metal 
internal wall and the fourth metal internal wall, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a nonref lective 
waveguide terminator according to a first embodiment of the 
present invention; 

Fig. 2 is an equivalent-distribution-constant line- 
circuit diagram illustrating the operation of the 
nonref lective waveguide terminator according to the first 
embodiment; 

Fig. 3 is a perspective view showing another 
nonref lective waveguide terminator according to the first 
embodiment; 

Fig. 4 is a cross-sectional view showing the other 
nonref lective waveguide terminator according to the first 
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embodiment; 

Fig. 5 is a cross-sectional view taken on line V-V of 
the nonref lective waveguide terminator shown in Fig. 4; 

Fig. 6 is a cross-sectional view showing the 
nonref lective waveguide terminator according to the first 
embodiment; 

Fig. 7 is a cross-sectional view taken on line VII-VII 
of the nonref lective waveguide terminator shown in Fig. 6; 

Fig. 8 is a cross-sectional view showing the 
nonref lective waveguide terminator according to the first 
embodiment; 

Fig. 9 is a cross-sectional view taken on line IX-IX of 
the nonref lective waveguide terminator shown in Fig. 8; 

Fig. 10 is a perspective view showing the nonref lective 
waveguide terminator according to the first embodiment; 

Fig. 11 is a perspective view showing a waveguide 
circuit according to a second embodiment of the present 
invention; 

Fig. 12 is a block circuit diagram showing the 
waveguide circuit according to the second embodiment; 

Fig. 13 is an illustration of the structure of a 
waveguide combining circuit constituting the waveguide 
circuit according to the second embodiment; 

Fig. 14 is a perspective view showing the structure of 
the waveguide combining circuit constituting the waveguide 
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circuit according to the second embodiment; 

Fig. 15 is a perspective showing another waveguide 
circuit according to the second embodiment; 

Fig. 16 is a perspective view showing a common 
nonref lective waveguide terminator; 

Fig. 17 is a perspective view showing a common 
nonref lective waveguide terminator; 

Fig. 18 is a graph showing characteristics of the 
nonref lective waveguide terminator according to the first 
embodiment ; and 

Figs. 19A and 19B are perspective views for comparison 
in size of the electromagnetic wave absorber and the 
nonref lective waveguide terminator according to the first 
embodiment and an electromagnetic wave absorber. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

A first embodiment of the present invention is 
described below with reference to the accompanying drawings. 

Fig. 1 shows a rectangular waveguide 1 having one 
short-circuited end, and a parallelepiped electromagnetic 
wave absorber 22 . The rectangular waveguide 1 can be 
divided into rectangular waveguide portions 21 where the 
electromagnetic wave absorber 22 is not provided along the 
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radio-wave traveling direction, and a rectangular waveguide 
portion 23 where the electromagnetic wave absorber 22 is 
provided. The electromagnetic wave absorber 22 is disposed 
on a wall surface perpendicular to the electric field in the 
rectangular waveguide 1 . For the electromagnetic wave 
absorber 22, material obtained by using epoxy resin to bind 
metal powder such as iron powder, and ceramic material such 
as ferrite are used. The electromagnetic wave absorber 22 
is fixed to the wall surface of the rectangular waveguide 1 
by using, for example, a silicon-rubber-based adhesive. 

The rectangular waveguide 1 has a rectangular opening 
in a plane perpendicular to the radio-wave traveling 
direction. One end of the rectangular waveguide 1 in the 
radio-wave traveling direction is open, and the other end is 
closed by a short-circuiting circuit 25, which is a 
terminating metal internal wall. The radio-wave 
transmission space in the rectangular waveguide 1 is 
surrounded on all sides by a first metal internal wall and a 
second metal internal wall opposite thereto, which are 
parallel to the electric field of the radio waves and which 
include the shorter sides of the rectangular opening, and a 
third metal internal wall and a fourth metal internal wall 
opposite thereto, which are perpendicular to the electric 
field of the radio waves and which include the longer sides 
of the rectangular opening- The electromagnetic wave 



- 10 - 



absorber 22 has an exterior parallelepiped shape having 
length L, height H, and width W. The electromagnetic wave 
absorber 22 has a rear-end surface (having height H and 
width W) at a predetermined distance D from the terminating 
metal internal wall parallel to the terminating metal 
internal wall. The surface of the electromagnetic wave 
absorber 22 having the largest area (having length L and 
width W) is on the third or fourth metal internal wall. 

Next, the operation of the first embodiment is 
described below with reference to Fig. 2. 

Fig. 2 is an equivalent circuit diagram illustrating 
the operation of the nonref lective waveguide terminator of 
the present invention. Since the radio-wave transmission 
characteristics of the waveguide differ depending on whether 
an electromagnetic wave absorber is provided, the waveguide 
nonref lection terminator in Fig. 2 is divided into the 
rectangular waveguide portions 21 where the electromagnetic 
wave absorber 22 is not provided and the rectangular 
waveguide portion 23 where the electromagnetic wave absorber 
22 is provided. In Fig. 2, the characteristic impedance and 
propagation constant of the rectangular waveguide portion 21 
where the electromagnetic wave absorber 22 is not provided 
are indicated by symbols ZO and PO, respectively. Also, the 
characteristic impedance and propagation constant of the 
rectangular waveguide portion 23 where the electromagnetic 
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wave absorber 22 is provided are indicated by symbols Z and 
|3-ja, respectively, where P represents a phase constant, a 
represents an attenuation constant, and j represents an 
imaginary unit. The symbol p-ja indicates that the 
microwave signal is propagated in the rectangular waveguide 
portion 23 while being attenuated. 

Part of a microwave signal incident from the left side 
of Fig. 2 is reflected in the front 24 of the rectangular 
waveguide portion 23 where the electromagnetic wave absorber 
22 is provided. The rest of the microwave signal reaches 
the short-circuiting circuit 25 while part of the signal 
power is being absorbed and attenuated by the 
electromagnetic wave absorber 22. The microwave signal, 
reflected by the short-circuiting circuit 25, passes through 
the rectangular waveguide portion 23 where the 
electromagnetic wave absorber 22 is provided, and reaches 
the front 24 while part of the signal power is being 
absorbed by the electromagnetic wave absorber 22 again. In 
this case, by setting the length L, height H, and width W of 
the electromagnetic wave absorber 22, and the distance D 
between the electromagnetic wave absorber 22 and the short- 
circuiting circuit 25 so that the above two reflected 
signals have equal amplitudes and inverse phases, the two 
reflected signals are canceled by each other and a 
nonref lective terminator is realized. 
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Fig, 18 is a graph showing the Sll characteristic 
(reflection loss) of a nonref lective waveguide terminator 
using the electromagnetic wave absorber according to the 
present invention. Regarding both designed and measured 
values of Sll in the range of 13.5 GHz to 15 GHz, a good 
reflection characteristic of -20 dB or less is realized. 
Figs. 19A and 19B are perspective views for comparison in 
size of the electromagnetic wave absorber for use in the 
nonref lective waveguide terminator of the present invention 
and a tapered electromagnetic wave absorber for use in a 
nonref lective waveguide terminator of the related art. Figs. 
19A and 19B show examples of dimensions in a case in which 
the width of the waveguide of the related art (the width of 
the shorter side direction) is represented by symbol A. In 
order to obtain radio-wave absorbing performance similar to 
that of the electromagnetic wave absorber of the related art, 
the volume of the electromagnetic wave absorber according to 
the present invention is approximately one-fifteenth that of 
the electromagnetic wave absorber of the related art. This 
realizes remarkable size reduction. 

Accordingly, the structure of the nonref lective 
waveguide terminator according to the first embodiment of 
the present invention is characterized by reduced size and 
weight, and good reflection characteristics because it is 
not required that the electromagnetic wave absorbers 3 be 
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reduced in thickness for an increased length so that 
reflection is reduced, as in the case in Fig. 16 of the 
related art. Also, in this structure, since the 
electromagnetic wave absorber 22 in Fig. 1 can be provided 
against the wall surface of the waveguide in a large area, a 
heat radiating effect can be maintained and good high-power 
tolerant characteristics can be obtained. Moreover, the 
electromagnetic wave absorber 22 only needs to have a small 
volume and is a simple parallelepiped. Thus, one advantage 
is that, even if resin-mixed or ceramic electromagnetic- 
wave-absorbing material is used, the required molding cost 
can be reduced . 

A signal reflected in the back 26 of the rectangular 
waveguide portion 23 where the electromagnetic wave absorber 
22 is provided is obtained after the signal is attenuated by 
the electromagnetic wave absorber 22. The reflected signal 
is smaller than that from the short-circuiting circuit 25. 
Thus, in the above operation principle, an effect of the 
reflected signal is ignored for brevity of description. 
Although Fig. 1 shows that the electromagnetic wave absorber 
22 is in contact not only with the plane perpendicular to 
the electric field in the waveguide portion 23, but also 
with the wall surface parallel to the electric field in the 
waveguide portion 23, if the electromagnetic wave absorber 
22 is positioned away from the wall surface, the position of 
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the electromagnetic wave absorber 22 has no relation to the 
gist of the present invention. Also, although Fig. 1 shows 
that the electromagnetic wave absorber 22 is positioned at a 
distance D from the short-circuiting circuit 25 as the 
terminating metal internal wall, the technical idea of the 
present invention can be applied to even a case 
(corresponding to D = 0) in which the electromagnetic wave 
absorber 22 is provided against the terminating metal 
internal wall. 

In the above description, the waveguide portions 21 and 
23 are formed in an integrated manner. However, as Fig. 3 
shows, the division surface between the waveguide portions 
21 and 23 is used as a plane parallel (referred to also as 
an "E plane") with the electric field, and two divided 
waveguide parts 31 and 32 along the centerline may 
constitute the rectangular waveguide 1. In this case, the 
electromagnetic wave absorber 22 is provided in the 
waveguide part 32, which is one of both divided waveguide 
parts. Figs. 4 and 6 are cross-sectional views showing the 
rectangular waveguide portion 23. Fig. 5 is a sectional 
view taken on line V-V of the nonref lective waveguide 
terminator shown in Fig. 4. 

The electromagnetic wave absorber 22 is fixed only to 
the waveguide part 32 by using an adhesive. Thus, the 
electromagnetic wave absorber 22 does not exist on the 
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division surface, and positional adjustment with the other 
waveguide part 31 does not need to be considered. This 
facilitates assembly and shortens an assembly time. In 
addition, the division on the E plane produces an advantage 
in that, in the rectangular waveguide portion 21 other than 
the rectangular waveguide portion 23 where the 
electromagnetic wave absorber 22 is provided, a high 
frequency current flowing on the waveguide internal wall is 
not cut off, thus preventing the radio waves from leaking. 

Therefore, the nonref lective waveguide terminator 
having the above structure has features in that the assembly 
cost is reduced by assembly simplification based on the E 
plane division structure and that electric performance is 
stabilized by preventing the radio waves from leaking from a 
circuit other than an electromagnetic wave absorber. The 
divided waveguide parts 31 and 32 can be used for assembly 
by using fastening with screws, an adhesive, or soldering, 
similarly to a waveguide part of the related art. 

In the above description, the corners of the internal 
wall surfaces of the waveguide parts 31 and 32 have right 
angles. However, as Fig. 7 shows, the corners of the short- 
circuiting circuit 25, etc., may be rounded, and advantages 
similar to those in the case in Fig. 3 can be obtained. 
Processing of the waveguide parts 31 and 32 so as to have 
rounded corners can be easily performed by using a tool such 
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as an end mill, thus enabling reduction in processing time 
and costs. Also, in the case of molding, the operation of 
taking the waveguide parts 31 and 32 out of a mold can be 
smoothly performed, thus enabling reduction in processing 
time and costs. 

In the above description, the waveguide is made of 
metal. However, as Figs. 8 and 9 show, in the division 
structure, one waveguide part 32 in which the 
electromagnetic wave absorber 22 is provided may be made of 
metal, and the other waveguide part 41 may be made of 
nonmetal material such as resin whose surface is metal- 
plated. This case has advantages similar to those in the 
above structure. 

According to the nonref lective waveguide terminator 
having this structure, each resin part can be produced by 
molding. Thus, accuracy of the dimensions of the molded 
part can be increased than a molded metal part produced by 
aluminum die-casting. This enables mass production, and 
reduced cost and weight, while maintaining high electric 
performance such as a low reflection. Also, since the heat 
of high frequency power, absorbed by the electromagnetic 
wave absorber 22, can be radiated to the exterior through 
the waveguide part 32, which is made of metal, a problem of 
heat radiation, caused by low heat conductivity of resin, 
can be solved. Therefore, an advantage is obtained in that. 
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despite the use of nonmetal material for the waveguide part 
41, tolerance to high power can be also maintained. 

Although the above description is directed to the E 
plane division structure, as Fig. 10 shows, the division 
surface between waveguide parts 51 and 52 may be used as a 
surface parallel to the magnetic field, and an 
electromagnetic wave absorber may be provided on one of the 
waveguide part 52. This case also has advantages similar to 
those in the first embodiment. 

Second Embodiment 

Although the first embodiment only describes functional 
parts of the nonref lective waveguide terminator, the 
nonref lective waveguide terminator has similar advantages if 
it is formed in an integrated manner with a waveguide 
portion having another function. By way of example. Fig. 11 
shows an output power combining circuit 69 including four 
amplifying elements 63 used as microwave amplifiers. The 
output power combining circuit 69 includes input ports 65 
such as microstrip lines, the amplifying elements 63 such as 
microwave semiconductors, conversion circuits 64 between 
output transmission lines of the amplifying elements 63, and 
a waveguide, a waveguide combining circuit 61 such as a 3- 
dB-90-degree branch line hybrid, and an output terminal 66 
of the waveguide. The waveguide circuits having functions 
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are constituted by waveguide circuit parts 67 and 68 which 
are divided on an E plane. 

Figs. 12, 13, and 14 are illustrations of the operation 
of the second embodiment of the present invention. Figs. 13 
and 14 show sections of the waveguide combining circuit 61 
such as a 3-dB-90-degree branch line hybrid. Fig. 13 is a 
top view of the division surface. Fig. 14 is an exploded 
perspective view. Fig. 13 shows terminals 81 to 84. The 
powers of two equal-amplitude microwave signals which are 
incident from the terminals 81 and 84 are combined when the 
waves of the signal from the terminal 84 lag in phase behind 
the waves of the signal from the terminal 81, and the 
combined signal is output from the terminal 83. Ideally, 
the terminal 82 is an isolation terminal and no microwave 
signal appears. However, at the terminal 82, a signal 
appears which represents an electromagnetic vector 
difference caused by a shift from a 90-degree phase 
difference between two waves or a shift from the equal 
amplitude . 

Fig. 12 is a block diagram showing an amplifying 
circuit using four amplifying elements 63. The amplifying 
circuit includes an input port 71 and 3-dB-90-degree 
distribution circuits 72. A microwave signal incident on 
the input port 71 is separated by the 3-dB-90-degree 
distribution circuits 72, and the separated signals are 
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incident on input ports 65 of an output power combining 
circuit 69 including the four amplifying elements 63. In 
this case, when the three 3-dB-90-degree distribution 
circuits 72 are arranged as shown in Fig. 12, microwave 
signals amplified by the amplifying elements 63 are combined 
by three waveguide combining circuit 61, and the combined 
signal is output to an output terminal 66. 

The above configuration is for a commonly used power- 
combining method in a case in which the saturation power of 
each amplifying element 63 is limited and an output power 
higher than the power is required. In other words, if the 
upper output power of each amplifying element 63 is 1 W, the 
configuration produces an output of 4 W, which is four times 
the output of 1 W. In this circuit, a signal which is 
caused by a shift in phase or amplitude in the amplifying 
elements 63, the 3-dB--90-degree distribution circuits 72, or 
the waveguide combining circuits 61, appears at an isolation 
terminal, as described above. The signal is absorbed by the 
electromagnetic wave absorber 22 of the nonref lection 
terminator which is connected to the amplifying circuit. 

According to a waveguide circuit based on the structure 
in the second embodiment, the E division surface structure 
integrates waveguide portions having a plurality of 
functions. Thus, not only advantages similar to those in 
the above configuration can be obtained, but also advantages 
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can be obtained in that the required costs are reduced by a 
reduced processing cost and simplified assembly, and that 
electric performance is stabilized by preventing radio waves 
from leaking from a circuit other than a portion in which an 
electromagnetic wave absorber is provided. 

In addition, in the above description, the waveguide 
circuit parts 67 and 68 are made of metal. However, in the 
division structure, the waveguide circuit part 76 in which 
the electromagnetic wave absorber 22 and the amplifying 
elements 63 are provided may be made of metal, and the other 
waveguide circuit part 68 may be made of nonmetal material 
such as resin whose surface is metal-plated. This case has 
advantages similar to those in the above structure. 

According to the waveguide circuit having the above 
structure, each resin part can be produced by molding. Thus, 
accuracy of the dimensions of the molded part can be 
increased than a molded metal part produced by aluminum die- 
casting. This enables mass production, and reduced cost and 
weight while maintaining high electric performance such as a 
low reflection. Also, heat generated by the amplifying 
elements 63 and the heat of the high frequency power which 
is absorbed by the electromagnetic wave absorber 22 can be 
radiated to the exterior through the waveguide circuit part 
67, which is made of metal, so that a problem of heat 
radiation, caused by low heat conductivity of resin, can be 
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solved. Therefore, an advantage is obtained in that, 
despite the use of nonmetal material for the waveguide 
circuit part 68, tolerance to high power can be also 
maintained. 

In the above description, the electromagnetic wave 
absorber 22 is parallelepiped. However, by also using 
tapered electromagnetic wave absorbers 91 as shown in Fig. 
15, advantages similar to those in the above structure can 
be obtained. 



